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Abstract 
 Labral tears in the shoulder joint is a common injury experienced by over 4 million 
patients annually, limiting motion and causing pain. The objective of this MQP was to estimate 
the stresses developed during the formation of labral tears for a variety of conditions including 
range of motion and patient variables using ANSYS and SolidWorks. The resulting data could 
be used to 3D print the shoulder joint with defects for visualization. The loads at the point of tear 
initiation were determined for various motions including abduction, adduction, and flexion. A 
threshold is observed above 100N where a tear can propagate predominantly under abduction. 
An understanding of tear forces can enable surgeons to determine the appropriate treatment for 
the tear. 
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1. Introduction 
 The shoulder joint is one of the most complex joints in the body, as the high mobility 
requires a variety of tendons, ligaments, and muscles to prevent dislocation and allow for a full 
range of motion. This makes the joint important to understand the full anatomy of and a full 
understanding of what kinds of stress are experienced can assist in prevention and treatment of 
differing types of injuries. This project aims to analyze specific injuries to the glenoid labrum, 
which is the fibrocartilage rim that the humerus sockets into, stabilizing the shoulder and 
allowing the full range of motions people can experience. 
Glenohumeral labral tears adversely affect the mobility of the shoulder joint and are 
commonly associated with rotator cuff injuries, suffered by more than 4.1 million patients 
annually [Oliva et al., 2017]. The most common form of this tear occurs along the top edge of 
the labrum and is called a superior labrum anterior-to-posterior (SLAP) lesion. While there are a 
variety of SLAP tears possible that affect different sections of the labrum, the type II tear was 
used in this MQP. The labrum experiences widely varying stresses based on the severity of the 
tear and the tear itself will propagate if enough load is placed at the tear location.  
Treatments for the injury fall into either therapy or surgical repair. If a tear is not serious 
enough to require surgery, therapy to increase the strength of the surrounding rotator cuff 
9muscles can be used to remedy the pain and reduced motion that a tear can cause. Surgical 
repair can be needed if therapy fails and motion cannot be restored using therapy. In surgery, 
the torn edge of the labrum is reattached to the bone, along with any ligaments that may have 
torn along with the labrum. Variation also exists between groups, with sporting injuries needing 
surgery more often than older patients who do not engage in regular physical activity [Soloman 
and Tokish, 2012]. The risks associated with surgery generally causes patients over 40 and 
ones who have experienced tears before to be cautioned against surgery, and recommended 
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therapy. While surgery assists in recovery of motion, it is rare for the labrum to return to full pre-
tear strength, and generally only 80% of strength can be recovered.  
 The objective of this MPQ is to develop a finite element model capable of investigating a 
variety of patient variables and motion types such that predictions could be made for when tears 
will propagate for all conditions. Using this model, understanding could be brought to how 
changing various model properties and how the loads were applied for a wider variety of tears 
will change how the labrum experiences stress. While information exists for when a full labrum 
will tear and the conditions associated with it, specific tears such as the SLAP tear have not 
been investigated for the variety of motion types and patient variables this MQP will discuss. 
These models will be created using SolidWorks and ANSYS, and a comparison will also be 
made between the two systems and their predictive strengths. The ability to know what loads 
will propagate a tear is knowledge essential to keeping people with tears informed on what 
kinds of activities they can do without risking additional injury. 
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2. Literature Review 
2.1 Basic Shoulder Anatomy 
 The shoulder joint is one of the most mobile joints and provides an extreme range of 
motion. The joint is formed where the humerus fits into the scapula, forming the common ball 
and socket. This joining is very loose, leading to the wide range of motion but also increasing 
the risk of injury to the joint. Two other major structures are included in this joint, the rotator cuff 
and the labrum. The rotator cuff is the combination of ligaments, tendons, and muscles that 
keep the humerus head in the socket and prevent the shoulder from dislocating. The labrum is a 
small rim on the scapula that deepens the socket that the humerus fits into, assisting in stability 
and preventing dislocation.  
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2.2 Shoulder structure 
 The structure of the shoulder is comprised of its three main bones and the associated 
joints, ligaments, and tendons that connect them.  
 Three main bones, the clavicle, scapula, and the humerus, make up the main skeleton of 
the shoulder. The clavicle, also known as the collarbone, serves as support for the scapula and 
keeps the limb away from the center of the body to aid in mobility. The scapula, also known as 
the shoulder blade, connects the clavicle and the humerus and forms the back of the shoulder 
girdle. The bone itself contains the glenoid cavity where the head of the humerus sockets to 
form the main joint of the shoulder, the glenohumeral joint. A small bony process known as the 
acromion extends off the scapula over the shoulder joint and serves as the connection for the 
acromioclavicular (AC) joint. Finally, the humerus, also known as the upper arm bone, sockets 
into the scapula and connects the shoulder joint to the rest of the arm. 
 
Figure 1: Anatomy of the Shoulder [Shoulder Joint, 2013] 
 The joints in the shoulder are the points of movement and occur where the bones 
themselves meet. The glenohumeral joint, which connects the scapula and humerus in the 
9 
 
glenoid cavity, is the ball and socket joint that allows the arm to rotate in circular motion and to 
hinge away from the body. The joint contains a capsule (bursae) containing synovial fluid that 
minimizes friction between the two bones and adds mobility to the joint. Three ligaments 
connect the bones, known as the glenohumeral ligaments stabilizing the joint as the arm rotates 
and changes position, and prevent dislocation of the shoulder. These glenohumeral ligaments 
(GHL) can be classified as superior, middle, and inferior based on their position in the joint and 
are a main source of stability for the shoulder. The acromioclavicular (AC) joint connects the 
acromion section of the scapula and the clavicle using the superior and inferior 
acromioclavicular ligament. This joint allows the arm to be lifted above the head and functions 
as a pivot allowing for a greater range of motion. 
 
Figure 2: Shoulder joint bones and socket [Fealy 2010] 
 Outside the connections between the main bones in the shoulder, two joints serve 
important functions in its stability and mobility. The sternoclavicular joint connects the clavicle to 
the sternum and allows the clavicle to move in 3 planes of motion. The scapulothoracic joint, 
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while not a true anatomic joint, occurs where the scapula and thoracic wall move against each 
other. This intersection allows the scapula to move along the back of the rib cage to let the 
shoulder raise higher than would otherwise be possible. 
 On the edge of the glenoid cavity of the scapula, a rim of fibrocartilage deepens the 
socket where the humerus head joins with the cavity. This rim is called the glenoid labrum and 
assists in the stability of the humerus head and prevents dislocation by preventing the head 
from falling out of the socket. 
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2.3 Labral structure  
 The glenoid labrum or glenoid ligament is a rim of fibrocartilage attached to the glenoid 
cavity on the scapula that deepens the socket that the head of the humerus rests in. The labrum 
serves a similar function to the meniscus in the knee, with both preventing dislocation and 
increase the stability of the joint further. 
 The labrum’s thickness can vary directionally, with a range of 1.4 – 6 mm based on 
which subdivision is inspected [Smith C. D. et al. 2008]. The average yield stress for the entire 
labrum is 1.7MPa which varies heavily across the entirety of the labrum. The tensile properties 
of the labrum are similar to that of articular cartilage that covers the end of bones where they 
come together to form joints, and Smith C. D. et al. speculate that the primary function of the 
labrum is to transfer the tensile forces resulting from joint motion and the movement of the 
humerus head. 
 
Figure 3: Subdivisions of the glenoid labrum, [Clavert, (2015)] 
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 Subdivision of the glenoid labrum is necessary to describe it as each division has 
different properties, including their tensile strength and how deep they make the cavity. Snyder’s 
subdivisions can be seen in image 1.1 from Clavert (2015) and yield strengths for different 
sections of the labrum can be seen in image 1.2 from Smith et al. (2007). 
  
Figure 4: Labrum Yield Strength in MPa [Smith C. D. et al., (2007)] 
 These subdivisions also experience different rates of injuries and require different 
treatments depending on the severity of the injury.   
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2.4 Labral injuries 
 The labrum can experience a wide variety of injuries in any of its subdivisions, resulting 
from trauma or repetitive motion of the shoulder. Due to its low yield strength a high percentage 
of tears occur in the superior-anterior region of the labrum. 
 Sector 1 experiences the greatest incidence of injury, with 80-90% of tears being SLAP 
(superior labrum anterior-to-posterior) lesions. Eight different types of SLAP tears can happen, 
with the following being a list of their meaning: 
● Type I - occurs when there is degeneration of the superior labrum, where the edges 
become frayed but do not detach. 
● Type II - The superior labrum and biceps tendon separate, leaving a gap between the 
cartilage and the labral attachment to the bone 
 
Figure 5: Type II lesion, Maffet, Gartsman, and Moseley (1994) 
● Type III - A “bucket-handle” tear where the labrum hangs into the joint and is the rarest 
form of the SLAP tears. 
● Type IV – A bucket-handle version of a type II tear including the biceps tendon in 
addition to the labrum. 
● Type V - Similar to type II tear but occurring on the anterior-inferior instead of the 
superior. 
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Figure 6: Type V lesion, Maffet et al. (1994) 
● Type VI - A flap tear develops in addition to the bicep tendon becoming disconnected. 
 
Figure 7: Type VI lesion, Maffet et al. (1994) 
● Type VII - Extension of a type II tear but includes the tearing of the middle and inferior 
glenohumeral ligaments. 
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Figure 8: Type VII lesion, Maffet et al. (1994) 
● Type VIII - A type II tear also involving the cartilage adjacent to the biceps footplate. 
 While the SLAP tear is the most common superior tear, the Andrew’s lesion represents 
the next highest incidence of occurrence. Mainly found in throwers, the Andrew’s lesion includes 
detachment of purely the superior labrum without the bicep tendon being disconnected. 
 Other sectors of the labrum have few injuries relative to the superior sector and can be 
explained with one type of lesions each 
● Sector 2 anterior labral tear - a rare form of lesion which is purely anterior and occurs 
alongside a tear in the middle GHL. 
● Sector 3 and 4 anterior and anterior-inferior labrum tear - result from acute or chronic 
instability. GHL tears are generally associated with this kind of tear. 
● Sector 5 and 6 posterior and postero-inferior labral tear - a rare tear due to the relative 
strength of sectors 5 and 6 compared to the others. Also occurs alongside GHL tears 
generally. 
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2.5 Repair and Rehabilitation of Labral Injuries 
 The two main sources of recovery for SLAP tears are rehabilitation and strengthening of 
the surrounding structures, and arthroscopic reattachment of the labrum to the glenoid cavity. 
The arthroscopic repair has yielded good results, but a wide variety of different techniques are 
used, resulting in different placements of anchors and fixation devices [Lehtinen Et Al. 2003]. 
 In patients with low amounts of physical activity, rehabilitation of the tear hedges against 
the risks of surgery while providing a strengthening mechanism to expand motion. Manske and 
Prohaska describe a focus on endurance and strength training the rotator cuff and stabilizing 
muscles to decrease the risk of additional tearing and return the shoulder to its proper mobility. 
Stretching to attain full internal rotation within the joint will reduce the pain and symptoms 
associated with SLAP tears. If regular therapy does not resolve the symptoms of the tear, 
arthroscopic reattachment is necessary. 
 Type II tear repair predominantly involves repairing the biceps anchor and reattaching 
the labrum’s rim to the edge of the glenoid cavity using anchors or screws. Other types of tears 
require differing forms of repair, but the vast amount of type II tears comparatively makes the 
repairs for type II be accepted as primary. Manske and Prohaska give the following repair 
treatments for varying types of tears: 
Lesion Surgical treatment 
Type I Debridement of frayed edges 
Type II Repair biceps anchor 
Type III Debridement of bucket-handle tear 
Type IV Debridement of bucket-handle tear, repair biceps anchor, biceps 
tenodesis, biceps tenotomy 
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2.6 Motion and loading in the shoulder 
 Different loading conditions on the arm can vary the stresses experienced within the 
shoulder, and the form of motion has a large effect on how these stresses will change. The 
motion of the shoulder and humerus can be divided into three main forms, abduction, adduction, 
and flexion or extension. Abduction motion consists of motion that pulls the arm away from the 
body, such as raising an arm. Adduction is the inverse of abduction and refers to motion that 
pulls the arm towards the body, such as lowering an arm to the side of the body. Flexion and 
extension refer to the movement of the arm forward or backwards respectively.  
 
Figure 9: Body Movements including the shoulder [Body Movements I of II, 2013]  
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 Each of the motions mentioned will apply the shoulder’s load differently on the labrum. 
Based on Westerhoff et al., the following loads were realistic day-to-day loads and would give a 
range of values that an average person would experience. These forces are applied within the 
glenohumeral joint. 
Load (N) Example 
22 Raising Arm 
80 Hammering Above Head 
250 Tennis Swing 
 
 The variation of force directions for these examples were very low, allowing an 
assumption that there would not be a change in force because of differences in motion 
directions. This note is very important in our model creation and how our loads will be applied 
across the labrum and tear itself. Without having to vary the forces on the labrum to create 
similar loading conditions, these forces can be directly applied on the labrum. 
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3. Objectives 
● Determine the mechanical aspects of SLAP tears 
● Develop a model to study stress distribution in the labrum 
● Predict the force at which labral tears will develop 
● Examine effects of patient variables and different forms of motion 
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4. Methodology 
4.1 Model System 
 The simplification of the model such that it could be modelled in SolidWorks and ANSYS 
led to a large amount of assumptions about the shoulder joint. These assumptions could be 
classified as part of the shoulder structure or assumptions about the labrum and the forces that 
act on it. 
 In the development of the shoulder joint’s model, the bursae, blood vessels, and nerves 
of the shoulder were disregarded, while structures that affect motion were modified to act as 
forces on the labrum. The bursae, blood vessels, and nerves do not have a significant effect on 
the forces the shoulder experiences, only aiding in mobility which was not investigated. The 
muscles, tendons, and ligaments of the shoulder were assumed to apply a constant pressure on 
the labrum from the humeral head and were modelled as such, without a physical 
representation of each. 
 
Figure 10: STL model of shoulder joint 
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 The labrum itself was assumed to be round, with a specific depth and diameter that did 
not vary based on position. The following properties were used specifically for the labrum cup 
placed on the glenoid cavity in the model. No forces were applied onto the glenoid cavity so it 
was modelled as a cylinder with the same properties as used in the labrum.  
Properties used in the model 
Yield Stress 1.7 MPa 
Elastic Modulus 22.8 MPa 
Poisson’s Ratio 0.3 
Diameter of Labrum 7 cm 
Radius of Curvature of Labrum 4 cm 
Extent of Tear 60° 
  
 
Figure 11: Comparison of torn and full labrum model 
22 
 
Assumptions about a base case of tear were made to have a common case to compare 
patient variables across. To keep these cases constant, abduction motion was assumed to have 
the following properties for forces and how long the labral tear was along its top edge. A 60° 
tear was chosen as it comprises the whole first subdivision of the labrum.  
Load on Labrum 22N 
Pressure on Labrum 5 kPa 
  
The motion of the shoulder was modelled directly as a force on the labrum and tear 
corresponding to the value of the load. These values varied from 2 – 250N with some example 
loads being: 
Load (N) Example 
22 Raising Arm 
80 Hammering Above Head 
250 Tennis Swing 
  
The direction that these loads were applied were based on the three most common 
forms of shoulder motion: abduction, adduction, and flexion. Abduction motion moves the arm 
away from the body, with the simplest example being raising the arm. Adduction acts opposite 
to abduction, where the arm is moved towards the body, generally dropping the arms to the 
side. Flexion refers to movement in the anterior direction for joints that can move both forward 
and back like the shoulder. It’s counterpart, extension, was not modelled as our labrum would 
experience the same stress as flexion due to our model not accounting for directionality other 
than the superior edge. Each of these motions were compared along a variety of different loads 
to see how the stresses would differ.  
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4.2 Patient Variables 
 To investigate how different patient variables change the stress experienced in the 
labrum, specific parameters of the model need to be changed. Four major variables were 
identified and chosen to be modelled. Each one required variation in a specific parameter as 
follows: 
Variable Parameter modified 
Tendon Pressure Value of pressure on labrum 
Tendon Pull Direction of pressure on labrum 
Tear Size Length of tear 
Labrum Thickness Thickness of labrum 
  
The predicted effect of the two tendon variables would be a change in the minimum 
pressure experienced and would have little effect at high loads as the pressure exerted by the 
tendons would not change with our load. The load applied across a longer tear should lower the 
stress experienced, as should increasing how thick the labrum is. 
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5. Results and Discussion 
5.1 Distribution of stress  
To find the approximate tear force for the various patient variables and motion types, 
each trend line was compared to the tear stress of 2.25 MPa based on Smith et al. Comparison 
between the SolidWorks and ANSYS data provided differing results, with a variation of up to 
60% difference in force required to propagate the tear. The following pictures represent the 
variations in the distribution of stress on the labrum and give realistic stress values based on 
tear propagation values.  
 
Figure 12: Stress distribution for abduction in SolidWorks with 22N load (Pa) 
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Figure 13: Stress distribution for abduction in SolidWorks with 250N load (Pa) 
 No difference was observed in between the two extreme examples of loads for 
abduction motion in SolidWorks. Both exhibit a very high max stress at the edge of tear and an 
even distribution along the tear edge. While our 22N distribution’s max stress does not pass our 
labrum’s yield, when loads reach 250N there will be new tearing due to the stress. At some 
point between these two loads, our shoulder passes a specific tear force that will cause 
propagation of the SLAP tear. Limits to the type of motion affect our true distribution, and more 
accurate modelling of where the forces act would give a better distribution, but similar values of 
stress and tear force. 
 ANSYS and SolidWorks experience a similar distribution of stress along the tear edge, 
but the largest values of stress occur on that edge, not at the ends of the tear where the labrum 
is still intact. Our max stress is significantly lower than SolidWorks due to this issue between the 
models, and our corresponding tear forces will differ depending on not only the load and motion, 
but which analysis is inspected. Additionally, each of the ANSYS distributions developed 
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matches element for element on the ratio of stresses. Examples of the extreme loading 
conditions for ANSYS follow: 
 
Figure 14: Stress distribution for abduction in ANSYS with 22N load (Pa) 
 
Figure 15: Stress distribution for abduction in ANSYS with 250N load (Pa) 
 Our full labrum varies heavily from our stress distribution with tears, as expected with our 
model. With the simplification to the load distribution in the labrum, very small variations exist 
27 
 
across the entirety of the labrum including the edge away from the load, where some of the 
lowest stresses were observed for the labral tear. 
 
Figure 16: Stress distributions for full labrum in SolidWorks (Pa) 
 
Figure 17: Stress distribution for full labrum in ANSYS (Pa) 
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Figure 18: Stress distribution for adduction in ANSYS with 22N load (Pa) 
 
Figure 19: Stress distribution for adduction in ANSYS with 250N load (Pa) 
The main difference between the two models is a large concentration of stress at the 
edge of the tear for our SolidWorks model. This could be due to a meshing or finite element 
equation difference between the two programs, as the primary functions are different. 
Additionally, the minimum stress in each distribution varies greatly depending on which model is 
inspected. Though not important to the results of this work, it is also symptomatic of the different 
modelling systems and needs to be considered when investigating what the lowest stress 
experienced is for each of our different forms of motion and patient variables. 
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Figure 20: Stress distribution for flexion in ANSYS with 22N load (Pa) 
 
Figure 21: Stress distribution for flexion in ANSYS wth 250N load (Pa) 
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5.2 SolidWorks stresses 
 
Figure 22: Comparison of Load and Stress for SolidWorks 
 From the information collected in our SolidWorks model, an issue is observed in 
Appendix A where the largest stress occurs along the inside of the tear interface along the full 
edge of the labrum. This contradicts the distribution observed in both ANSYS and in the 
literature, and calls the values collected from SolidWorks into question. Our differing forms of 
motion do vary, but not by more than a 4% difference between the highest (flexion) and lowest 
(adduction) stresses in the labrum. Additionally, flexion motion produces the highest stress of 
our forms of motion, likely due to the anomaly along the edge and how the different direction of 
motion affects it directly rather than at an angle. Our labrum stress exceeds the predicted tear 
stress at forcers ~100N. For the full labrum, the SolidWorks model predicts extremely low 
stress, resulting in a force of ~4500N to be applied before the yield stress of the labrum edge 
would be passed.  
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5.3 ANSYS stresses 
 
Figure 23: Comparison of Load and Stress for ANSYS 
 The ANSYS results and simulation pictures in Appendix 2 more closely match realistic 
distributions of stress. The labrum experiences the highest stress along the tear edge as was 
expected, and there is a higher tear force than the SolidWorks model. Our variance of 
movements matches the expected distribution, with flexion being lower than abduction or 
adduction, experiencing stresses 15% lower, resulting in a much higher required load to 
propagate a tear. Additionally, our full labrum experiences enough stress to tear at ~800N, while 
this is a very large load, it is in a realm of possibility and is much more realistic than the ~4500N 
tear force predicted using SolidWorks. Both models predict our tear force to be between 100-
170N, so even with slight inconsistencies across the two models, either one can be used to 
observe trends and approximate tear forces.  
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5.4 Patient Variables 
 Of our four major patient variables investigated, our largest change in stress came from 
changing the size of our tear and how thick the labrum is. Our two variables related to tendon 
properties both had minimal effect on the stress experienced in the labrum, and as such our 
model says that people with weaker tendons will not be more prone to labral tears or 
propagation of tears that already exist. The lower stress experienced in tears that are longer 
makes sense in context as the same load is applied over a larger edge. Finally, a thicker labrum 
experiences slightly lower stresses. 
 Each of the comparisons were done in ANSYS with the system properties matching that 
in the model creation, and using abduction motion. All properties but the load experiences and 
the patient variable were kept constant. 
Variable Difference from general case 
Tendon Pressure <0.1% 
Tendon Pull <0.1% 
Tear Size 30% 
Labrum Thickness 8% 
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5.4.1 Tendon Pressure 
 
Figure 24: Comparison of tendon pressures 
 The change in tendon pressure had no measurable effect on the stress experienced in 
the labrum above normal loading, on the order of a less than 0.1% difference in stress, telling us 
that the motion of the arm has the operative effect on stress. While this is true, the complete 
lack of any effect could be due to the model’s setup, with the simplified tendons, muscles, and 
ligaments acting differently on the real labrum. Only at very low loads did the change in 
pressure cause a noticeable stress difference. Thus, the resulting tear force required to 
propagate a tear for varying tendon strengths will not change according to the model.   
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5.4.2 Labral Pull 
 
Figure 25:Comparison of labral pull 
 
 This variable was expected to have little effect on the labral stress, and it fulfilled that 
expectation. Again, our variation between the two conditions was less than 0.1%. If the tendons 
are pulling the labrum to the humerus head, as it would when the humerus is pulled out of the 
socket, there is no change from if the tendons are pulling the humerus head into the labrum. 
This result is likely the weakest of the main patient variables as modelling the difference 
between the two forms of tendon pressure is difficult. The combination of tendon, ligament, and 
muscle forces into one pressure can mean that our tendon might have to be modelled differently 
and applied as a force across a different location on the outside of the rim of the labrum and not 
as a pressure on the labrum’s cup. 
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5.4.3 Tear Size  
 
Figure 26: Comparison of tear size 
 
 As expected, the change in tear size had a large effect on the force required to 
propagate a tear, and our longer tear experienced less stress overall than a much shorter tear. 
While longer labrum defects are more extreme, they are less likely to continue to tear and can 
be treated differently than a very short tear that is likely to continue to tear. It is very important 
for small tears to be treated properly and quickly according to this model, as the increased 
stress experienced at the shorter tear site decreases the load required to propagate the tear. 
Longer tears will be less likely to continue to injure, allowing different types of therapy and repair 
to be plausible for varying tear lengths. 
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5.4.4 Labrum Depth 
 
Figure 27: Comparison of labral thickness 
 
Labrum depth had an ~8% change in stress experienced on the torn labrum for reducing 
the depth by 33%. An important note for variable thickness is that a person who had previous 
SLAP tears that were not repaired to their full thickness (such as a type I where there is fraying) 
will have a higher stress in the labrum versus one without injury, leading to re-injury at lower 
loads.  
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6. Conclusions 
From the developed model, it is observed can see that our predicted stresses and tear 
forces match realistic loads experienced in day-to-day activity. While there are differences 
between SolidWorks and ANSYS, both show the same trends among abduction and adduction 
motion, and can be used to investigate stress in the labrum, with SolidWorks having small 
issues with point stresses being much higher than ANSYS. Abduction motion was found to have 
the greatest effect in the ANSYS model, with a load of ~170N corresponding to the amount of 
stress required to propagate a tear for common properties. Additionally, tear size and labrum 
thickness were found to have an effect on how much stress the labrum experiences, with longer 
tears and thicker labrums experiencing lower stresses. Full labrums would not tear at day-to-day 
loads, requiring ~800N of loading before a tear would occur.  
 The simplest ways to improve the predictive use is to improve the model itself, both its 
properties and how the loads are applied. First, dividing the labrum into subdivisions and 
attaching each specific yield stress so that the different sectors act differently. This would allow 
us to move the tear around the edge of the labrum and predict stress in other types of SLAP 
and labrum tears that occur in different sectors. 
 Two more complicated improvements that could be made are to more accurately apply 
the force on the labrum based on the load, and break up the tendon, muscle, and ligament 
forces the labrum experiences. In the model system, the load is not transferred into a stress that 
the humerus head experiences, instead it is modelled as a force across the entirety of the 
labrum and its tear edge. The model properties would have to be extended to include the 
humerus length such that new stresses could be calculated using the new loading conditions for 
the humerus head. Additionally, specific forces and stresses could be applied on the labrum for 
each of the tendons, muscles, and ligaments which would allow us to have greater predictive 
38 
 
power for different patient variables. This would allow factors such as muscle degradation and 
strength, ligament injuries, and more tendon properties to be investigated using our model.  
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Appendix A – SolidWorks Simulation Stress 
Distribution Across the Labrum 
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Appendix B – ANSYS Simulation Stress Distribution 
Across the Labrum 
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